Morphological features of the hind limb muscles reflect the muscular function correlating with the locomotion. In this study, the muscles of the baboon hind limb were weighed and the relative muscle weights were compared with those of the human lower extremity. In the baboon, the biceps femoris was the largest (11.60%) and the vastus lateralis (10.67%) was placed second. The gluteus medius (8.55%) among the hip muscles and the gastrocnemius (4.38%) among the leg muscles were predominant in each segment. The relative weights of the gluteus medius and the biceps femoris were especially larger in the baboon than in the human, while the gluteus maximus and the soleus were larger in the human. The baboon gluteus medius and biceps femoris chiefly generate the propulsive power during quadrupedal locomotion and the human soleus is essential for the erect bipedalism.
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Morphological features (configuration, weight and muscle fiber composition) of the skeletal muscles reflect the muscular function correlated with various modes of locomotion. Within the muscular morphology, it has been considered that the larger muscle controls the more important action at that joint and that a greater mass of the muscle should generate a more powerful muscle force. The muscles of the lower extremity (hind limb) generate the propulsive power in locomotion. Fleagle (1977) described the differences in the relative muscle masses of the limb and trunk between leaf monkeys, which differed in their locomotion activities. Haxton (1947) and Ishida (1972) reported that the large muscles in quadrupeds were two or more joint muscles and those in humans were one-joint muscles. Comparative anatomy based on the relative muscle weight is very useful method for discussing the relationship between the morphological features and the locomotion patterns. One of the authors previously weighed the muscles of the human lower extremity and clarified that the largest muscles were the gluteus maximus, the quadriceps femoris and the soleus in the hip, the thigh and the leg, respectively (Ito, 1996) . The purpose of this study was to clarify the morphological characteristics of the hind (lower) limb muscles in relation to the locomotion mode (the baboon terrestrial quadrupedalism and the human erect bipedalism) based on the relative muscle weight.
Material and Method
Two male hamadryas baboons Papio hamadryas (body weights, 6.5 kg and 24.0 kg) and two male anubis baboons Papio anubis (body weights, 8.2 kg and 16.5 kg) were examined. All specimens were fixed and stored in 10% formalin solution at the Department of Anatomy, Showa University School of Medicine. Dissections were made on the left side of the hind limb in each specimen and the wet weight of each muscle was weighed in same way as in the previous report (Ito, 1996) . Muscle classification was due to the description by Howell and Straus (1961) . From the measured values (absolute muscle weight), the relative weight to the total mass was calculated and compared with those of human muscle (Ito, 1996) .
Results
The absolute weight of each muscle was proportional to the body weight, while the variation of the relative weight was narrow among all specimens. The mean value and standard deviation (SD) of the relative muscle weight in the baboon hind limb are summarized in Table 1 together with the mean values of humans. Of the baboon hind limb muscles, the hip, the thigh, the leg and the foot muscles occupied about 25%, 58%, 16% and 2%, respectively.
The thigh muscle was larger in the baboon than in Table 1 . Individual muscle percentages in lower extremity * Ito (1996) . ** Muscle lacking in man .
the human. Of the individual muscles, the biceps femoris was the largest (11.60%) and the vastus lateralis (10.67%) was placed second. The gluteus medius (8.55%) in the hip and the gastrocnemius (4.38%) in the leg were predominant in each segment. Figure the semimembranosus, plantaris and the flexor digitorum fibularis, while the muscles larger in the human were the gluteus maximus, the vastus medialis, the soleus and the tibialis posterior.
Discussion
Based on the relative muscle weight of the baboon hind limb, it was proved that the predominant muscles were the gluteus medius and the iliopsoas in the hip muscles, the biceps femoris and the vastus lateralis in the thigh muscles and the gastrocnemius in the leg muscles. These morphological traits of the hind limb muscles are similar among baboons, Japanese macaques (Ishida, 1972 ) and crab-eating macaques (Kimura and Takai, 1970) , whose locomotion patterns are terrestrial and/or arboreal quadrupedalism. On the other hand, the gluteus maximus and the soleus are remarkably predominant in the human lower extremity muscles. These muscles have been investigated to elucidate the evolution of human bipedalism by comparative anatomical studies or electromyographical examinations (Ishida, 1985; Kumakura, 1989) .
There is a conception of Haxton (1947) that the hind limb of the quadrupeds is used as "propulsive lever" and that the lower extremity of man is used for "propulsive strut". For the hind limb as a propulsive lever, strong extensor muscles at the hip joint and preventive extensor muscles at the knee joint are required. The muscular movements of the hind limb during quadrupedal walking/running consist of a propulsive and a recovery phase. In the propulsive phase, the thigh is retracted while the knee is not extended, but remains in a semi flexed position for most of the stride, and in the recovery phase the thigh is flexed while the knee remains partly flexed. The locomotion pattern in the baboon is typical terrestrial quadrupedalism. Therefore, at the hip joint, the gluteus medius, which is the largest muscle in the hip muscle, and the biceps femoris, which is the largest in the thigh, surely contribute to the strong extensor during the propulsive phase. On the other hand, the iliopsoas acts chiefly as a thigh flexor during the recovery phase. At the knee joint, the biceps femoris and the gastrocnemius maintain the flexed position, which is antagonistic to the extension by the quadriceps femoris. At the ankle joint, the plantarflexion is principally performed by the gastrocnemius, which simultaneously acts as the knee stabilizer.
The action of the gluteal muscles in non-human primates takes part in strong retraction of the thigh in the quadrupedal posture. In general, the gluteus medium has the largest mass among the gluteal muscles in non-human primates, while the gluteus maximus is largest in humans (Stern, 1972) . Regarding the muscle fiber composition in the gluteal muscles of the crab-eating monkey, the gluteus maximus has more white (fast twitch) muscle fibers, while the gluteus medius has more red (slow twitch) muscle fibers and thicker muscle fibers (Tsurukiri, 1984) . These compositions reveal that the gluteus maximus is suitable for fast contraction while the gluteus medius is suitable for continuous and strong contraction.
The baboon iliopsoas contains more white muscle fibers, while the human's contains more red muscle fibers (Kimura, 1999) . The larger mass with the fast fibers in the baboon iliopsoas is suited for the rapid protraction of the thigh during the recovery phase. The human iliopsoas, which contains the slower anti-fatigue fibers, is suitable for the sustenance of the human erect bipedal posture (Kimura, 1991) .
The biceps femoris in most monkeys originates from the ischial tuberosity by only one head and inserts into the lateral fascia of the thigh and crus (Hamada, 1985) . This muscle can be divided into two functional parts: the femoral part is situated to retract the thigh and the crural part is situated to flex the knee and to retract the thigh. The former is a one-joint muscle at the hip joint and the latter is a two-joint muscle at the knee and ankle joints. The relative mass of the crural part of the biceps femoris is significantly greater in the more quadrupedal Dusky leaf monkey and that of the femoral part is larger in the leaping Banded leaf monkey (Fleagle, 1977) . According to anatomical and electromyographical analyses (Kumakura, 1989) , the crural part is not considered to relate to the regulation of propulsive force, but acts for the postural adjustment of the crural segment during locomotion in Japanese macaques. Furthermore, the proportion of the white muscle fibers was higher in the proximal part than in the distal region and the red fibers was more in the distal than in the proximal region (Uetake, 1989) . On the supposition that the proximal region corresponds to the femoral part and the distal one corresponds to the crural part, the femoral part has greater speed and powerful contractile capacity while the crural part has the slower and more continuous contractile capacity. These reports on the biceps femoris show the functional differentiation between the femoral and the crural part. In this study, we weighed the whole mass of the biceps femoris. However, we observed during the dissection that the femoral part composed the main part of the biceps femoris.
For the quadriceps femoris, the relative weight of the vastus lateralis was larger in the baboon than in the human, while those of the vastus medialis and intermedius were larger in the human. These differences show that the actions of extension at the knee joint differ among the three vasti muscles. The vastus lateralis in the baboon is active during the stance phase, while the human vastus lateralis is only active at the heel strike (Ishida, 1985) . The muscle fiber size in the vastus lateralis is largest among the vasti muscles in the rhesus macaque, which has the same locomotion pattern as the baboon (Kimura, 1978) . The difference in muscle fiber size is small among the human vasti muscles (Kobayashi, 1991). Among the baboon vasti muscles, the vastus lateralis act as the chief extensor at the knee joint.
Of the triceps surae muscles, the gastrocnemius is twice as heavy as the soleus in the baboon, while the soleus is heavier than the gastrocnemius in the human. The human soleus is considered unique among the anti-gravity muscles. In quadrupeds, the gravity center lies between the fore and hind limb and the load to the hind limb is less in the quadrupedal monkeys than in human. Therefore, the quadrupeds do not require the large mass of the soleus. From the histological studies of the triceps surae, the gastrocnemius has more fast-twitch/ glycolytic myofibers, and the soleus has more slowtwitch/oxidative fibers than the other myofiber types in the Japanese macaque (Suzuki, 1994) . The muscle fiber size is larger in the gastrocnemius than in the soleus in the crab-eating macaque (Kataoka, 1987) . From morphological studies, the contraction of the gastrocnemius contributes to fast movement, while the soleus contributes to powerful movement during the ankle plantarflexion (Kumakura, 1991 (Kumakura, , 1995 . The gastrocnemius, which performs the fast and powerful contraction, is more profitable than the soleus for the quadrupedalism. The large mass of the human soleus is essential for the bipedal standing/walking as a propulsive strut, which requires powerful plantarflexion at the ankle joint.
As morphological traits, it is true that the onejoint muscles (the gluteus maximus and the soleus) develop remarkably in the human lower extremity muscles. On the other hand, the developing muscles in the quadruped are not only two-joint muscles (the crural part of the biceps femoris and the gastrocnemius), but also one-joint muscles (the gluteus medius and the femoral part of the biceps femoris).
